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NOTE ON THE LISTENING APPARATUS FOR AIRCRAFT MADE 
BY THE MILITARY TELEGRAPH SERVICE. 



The studies undertaken by the military telegraph service in 
the matter of listening for aerial sounds were made with the 
special object of listening for aircraft, but they have logically 
led to the construction of certain devices which are found more 
especially applicable to listening for trench noises or distant 
spoken words. 

In the following general and summary discussion, the classifi- 
cation given the different appa!ratus under discussion is based 
not on the purposes which they are to serve but on the principles 
on' which their construction rests. As the enumeration of the 
apparatus proceeds, all necessary comment will be made as to 
the possible use which each may serve. 

The listening apparatus, made np to the present time by the 
military telegraph service, may be classified as shown in the 
following table: 

I. Listening apparatus for locating the direction of a source of 
sound : 

(a) Blnauricular apparatus (acoustic goniometers) — 

1. Apparatus coinprising two tubes ot equal length 

leading to each ear of the observer and with 
suitable mouths open to the air (acoustic gonio- 
meters, T. M. Type I). 

Model a, giving the azimuth and the eleva- 
tion of the aircraft. 

Model b, giving only the azimuth. 

Model 0 , giving only the elevation (acoustic 
altimeter). . 

Model d, acoustic goniometers for instruc- 
tion. 

2. The lengths of the tubes from the sound receivers 

to the ears can be varied at will (acoustic 
goniometer, T. M. Type II). 
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8 LISTENING APPARATUS FOR AIRCRAFT. 

3. Small hand apparatus with which a direction can 
be located with the naked ear (acoustic gonio- 
meter, T. M. Type III). ^ 

(6) Paraboloids — 

Type I. Small model. 

Type II. Large model. 

II. Apparatus for listening without determination of direction : 

(а) Speaking condenser. 

(б) Microphones for listening to aerial sounds (Perot 

Model). 

I. LOCATING APPARATUS. 

A. ACOUSTIC GONIOMETERS. 

This name has been reserved to listening apparatus based on 
the method of binauricular listening. 

SHORT STATEMENT OE THE PRINCIPLE OE THE BINAURICULAR 

METHOD. . 

If the sound waves from a source S reach both ears of an 
observer at the same time, he -has the impression of hearing 
the sound with both ears at the same time. 

If, on the contrary,- one. of the ears is struck before the other 
the observer has the impression of hearing the sound by the 
first ear only. By turning the head from right to left on either 
side of the direction of the source of sound, he will have a very 
clear impression of the ^passage of the sound from his right ear 
to his left ear. 

This effect is much more pronounced if, instead of using the 
ears as receiver for the sound, use is made of two widely sepa- 
rated trumpets, the points of which are connected with the- ears 
by tubes of equal length. 

To establish a direction, the system of the two trumpets is 
turned back and forth around a point in the straight line, join- 
ing them in such a way as to have the impression of the passage 
of the sound from one ear to the other. 

At the raomeijt of the passage the reading of the circle of the 
apparatus is taken. 

The impression of the passage of the sound can also be secured 
by varying the length of one of the listening tubes in such a 
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way as to reduce tojzero the difference in the distance traveled 
by the same sound wave coming from the source which is being 
located to the instant when it strikes both ears. 

Acoustic goniometers, then, belong . to the three following gen- 
eral types : 

1. ACOUSTIC GONIOMETERS T. M. TYPE I. 

Two receivets joined respectively to each of the ears of the 
observer by two tubes of equal length can turn in the same 
plane about an axis perpendicular to this plane. 

Several models of this type of apparatus have been made. 

Model a. — This model is especially intended for locating air- 
craft. It comprises two pairs of receivers. The first two re- 
ceivers, the purpose of which is the measurement of azimuths, 
turn in the same horizontal plane about a vertical axis passing 
through the middle of the straight line joining the centers of 
gravity of the receivers. 

The other two receivers, the purpose of which is the measure- 
ment of elevations, turn in the same vertical plane about a 
horizontal axis which is rigidly joined to the frame of the azi- 
muth receivers and is parallel to the straight line joining the 
centers of gravity of the- azimuth receivers (fig. 1). 

This straight line being kept by the observer of azimuth con- 
stantly perpendicular to the direction of an aircraft, the two 
elevation receivers are movable in the instantaneous vertical 
plane of this aircraft. The measurement will therefore be taken 
by means of this apparatus of the two coordinates of the air- 
craft independently one of the other. 

Model b. — The model “ 6 ” apparatus is a simplification of 
the model “ a ” apparatus. It is intended only for the measure- 
ment of the azimuth of aircraft and comprises a single pair of 
receivers movable in a horizontal plane (fig. 2). 

This apparatus will be used especially in the lateral observa- 
tion posts for antiaircraft fire. Its simultaneous use with the 
acoustic goniometer type I, model “ a,” will make it possible 
to determine by triangulation the distance of the aircraft. 

In regard to the details of these instruments and the use of 
these two apparatus for the orientation of searchlights and fire 
by sound, reference must be made to the special Note on the 
Acoustic Goniometer T. M. Type I (this note is kept at the cen- 
tral establishment for material of the military telegraph). 

26163°— 17 -2 




10 LISTENING APPARATUS FOR AIRCRAFT. 

Model c. — The acoustic goniometer T. M. Type I model “ c !’ 
is intended to be used as an altimeter in the antiaircraft posts. 
It comprises merely two receivers movable in any desired vertical 
plane (fig. 3). ' 




Fig. 1. — Acoustic Goniometer T. M. Type I. Model "a" giving the azi- 
muth only. Front elevation. 



Two goniometers, one at a central post and the other at a 
lateral observation post, will be adjusted to the same azimuth 
(in such a way that the vertical planes engendered by the rota- 
tion of the receivers of the two apparatus will be parallel). 
The locus of points for which one will have, for each apparatus, 
the impression of the passage of the sound from one ear to the 
other, is a plane passing through the aircraft and through the 
horizontal axis of the apparatus. A graduated quadrant makes 
it possible to estimate the angular value of the inclination of 
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this plane to the horizon. The aircraft is on the straight line 
made by the intersection of the two planes thus located by the 
two goniometers. As this straight line is perfectly determined 
in space,, the altitude of the aircraft will be deduced from these 
two observations. 

Model d.— A simpler apparatus than those described above 
has also been made, the acoustic goniometer for instruction 
(flg. 4). 




Fig. 2. — Acoustic Goniometer T. M. Type I, Model “ b,” giving only the 

azimuth. 



It comprises two parts: 

(1) The acoustic goniometer proper, comprising a wooden rod 
supporting two copper tubes which end in two openings for 
catching sound. Tlje other ends of these tubes communicate 
by flexible rubber tubes with a double listener fitted with a 
spring. A collimator affords means of verifying with the eye 
the locations determined by ear. 

(2) The standard of the appparatus, by means of which the 
observer can at will set the acoustic goniometer in the hori- 
zontal plane or in a vertical plane. 
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This apparatus is especially Intended for instructing men. 
Its small cost and light weight recommend it especially to the 
attention of officer instructors of listening'schools. 




Fig. 3. — Acoustic Goniometer -T. M. Type I, Model “ c/’ giving the 
elevation only. 



It can also be used for listening to trench noises and for 
locating trench artillery and machine guns. 

Finally, it can be used to advantage by lookout posts of the 
antiaircraft services. The principal thing to fear is that the 





IISTENING APPARATTTS POE AIRCEAFT. 13 

men of these posts will mistake the noise of an automobile 
motor in the distance or the noise of a threshing machine for 
that of the motor of an airplane. The model “ d ” apparatus 
will enable them immediately to make sure whether the noise 
they hear is terrestrial or aerial. All that will be necessary 




is for them to read on the graduated circle the elevation of the 
noise they hear. 

2. ACOUSTIC GONIOMETERS T. M. TYPE II. 

In goniometers of this tjrpe the lengths of the tubes from the 
sound receivers to the ears can be varied at will. 

It has already been said that the impression of the passage 
of the sound from one ear to the other is produced when the 
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difference § of the distances traveled by a sound wave before 
reaching both ears is zero. It will be understood then that to 
reduce 5 to zero requires only a certain increase or decrease 
in the length of one of the listening tubes. 

In the T, M. Type II goniometers this elongation has been 
obtained by the use of two copper tubes, one of which slides 
in the other. The compensating apparatus looks like a slide 
trombone and it has, therefore, sometimes been given the name 
of acoustic trombone. 

The slide of the tubes is graduated in centimeters and a 
concordance table gives the azimuths cori-esponding to a given 
extension of the trombone. 

Apparatus of this kind have been made for locating trench 
artillery and machine guns. For this particular purpose they 
have the following advantages over the acoustic goniometers of 
Type I: 

- (1) The two receivers are stationary. The trombone can be 
put inside a shelter and communicates with the receivers by 
two copper tubes, which are also stationary. The' apparatus is 
thus of a very low’ order, of visibility. 

(2) The observer, when using the acoustic goniometer Type I, 
hears the sound at the same time through the receivers and 
directly by the ears. 

For listening to sounds of average intensity (such as the 
noise of motors) this influence of the direct sound, is a disturb- 
ing influence for no one but beginners. 

In the case of locating guns, on the other hand, observers are 
very much bothered by it. , 

The use of the acoustic goniometer of Type II allows the 
observer to work inside a shelter and this largely obviates the 
difficulty just mentioned. The construction of these apparatus 
is at present in the hands of the geographic service of the 
Army. 

3. ACOUSTIC GONIOMETERS T. M. TYPE III. 

General considerations on the location of the direction of a 
sound with the naked ear. 

■1. IN AZIMUTH. — The observer faces the noise and turns his 
head from right to left on each side of the direction of the sound 
sp as to have the impression of the passage of the sound from 
one ear to the other. He stops his head in the position at which 
he has this impression. The imaginary line joining his two ears 
is then perpendicular to the direction of the sound. 
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serves to orient tlie apparatus and tlie compass serves to de- 
termine its orientation with relation to the magnetic North. 

To obtain the desired result the observer, facing the sound, 
holds the acoustic sight in his hand at the level of his face and 
orients it so as to see the image of his face directly opposite him 
in the plane mirror. He will especially endeavor to get such an 
orientation of the acoustic sight that each of his ears will he seen 
equally by him in the mirror, neither being seen more than the 
other. The mirror is then parallel to the line joining his ears. 

The simple reading of the blue needle of the compass when the 
acoustic sight has been oriented will give the direction of the 
noise which is heard. The reading is made in a mirror inclined 
at an angle of 45° (fig. 5). 

The most numerous and most interesting noises are generally 
produced at night. This has led to illuminating the compass 
and the ears so as to make observations at night. 

For this purpose the transparent frame of the compass has 
been given a coat of sulphuret of zinc, with radium underneath. 
The reading bn the scale written over it in black is taken by- 
means of a magnifying glass L (fig. 5), which it is merely neces- 
sary to place on the part where the bliie needle is attached after 
that needle has been blocked. 

On the other hand,- as it is inconvenient to give the ears a 
coat of luminous substances, the place of each ear is taken by an 
aluminum frame having two luminous Unes of sulphuret of 
zinc with radium. These frames surround the ears and are 
held in place on the:head by two elastic tapes (fig. 6). The 
form of this -headgear is such that they take the same position 
on any head. At night the mirror shows, instead of the ears, 
4 luminous lines. The distance between the two lines at the 
left is the same as the distance between the two lines at the 
right when the acoustic sight is well oriented. 

USE OF THE ACOUSTIC GONIOMETER TYPE III. 

When the determinations of acoustic direction are made at 
the same time by two observers posted at two known points, 
the readings permit the location of the point from which the 
sound emanates, 

With the acoustic sight will be determined the position of all 
sources of sound which are judged to be capable of being located 
with sufficient precision by ear. The location will be espe- 
cially precise for sounds at short ranges- (trench noises, work- 
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men, firearms, trains, etc.). The emplacements of ammunition 
depots will generally coincide with the points where trucks and 




Fig. 6. — At night mirror shows four iominous lines instead of the ears. 



narrow-gauge railway trains stop ; it will therefore be interest- 
ing to determine acoustically the position of these stopping 
points. 

GENERAL PEIGNE’S COMPASS.— On the inside of the 
cover of the box of this compass is a plane mirror in which 
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there is a rectangular opening AB. When the box is wide open 
this mirror is parallel to the frame of the compass. 

A small plummet is movable about the axis of the magnetic 
needle. Its end moves in front of a graduation (fig. 7). 

The box of the compass will be held open during the whole 
operation. When the observer has inclined his head at such an 
angle that he has the sensation of the passage of the sound 
from one ear to the other, he will orient the mirror opposite 
him so that the image of the line of his ears coincides with the 




center line of the opening AB. The reading taken opposite the 
end 'of the plummet will give the elevation of the source of sound. 

This method of observation will find its special application in 
the service of antiaircraft lookout posts in the identification 
of the sounds of motors which have been heard, and in their 
approximate location, in case no goniometers of Type I, model 
“ d,” are at hand. 
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B, ACOUSTIC PARABOLOIDS T. M. 

Parallel with the development of the acoustic goniometers, 
the military telegraph service has endeavored to make an ap- 
paratus for locating a source of sound by listening, on the 
principle of maximum intensity of sound. 

In order to have the directions precise, it is necessary to have 
this maximum intensity localized within very narrow limits. 
It has been possible to obtain this result with the paraboloids. 

Only very few of these apparatus have been put in. service up 
to the present. The results obtained can not be called definite. 
The following discussion of paraboloids is therefore only tenta- 
tive. 

Principle of the apparatus.— It is well known that a para- 
beloid has the property that all straight lines parallel to its axis, 
when reflected at its surface, meet at its focus. If, therefore, 
the axis of the paraboloid passes through a very distant source 
of sound, a maximum intensity of sound will be audible at its 
focus, if an appropriate receiver is placed at this point. On 
the other hand, the moment the axis no longer passes through 
the source, the sound is totally extinguished. 

In the acoustic paraboloids T. M., the receiver is a copper 
tube of which one of the terminal sections is perpendicular to 
the axis of the paraboloid and passes through its focus. The 
other end is connected by two rubber tubes with two branches 
of a listener (the type of T. M. mine stethoscope listeners). 

The paraboloid is very open and its focus is therefore far in 
front of it. The receiver is not directly in contact with the 
surface. The latter is limited by a circle the plane of which is 
very near the focal plane and parallel to it. 

The apparatus is mounted like a theodolite (movable about a 
vertical axis passing through its center of gravity and about a 
horizontal axis perpendicular to its geometric axis). 

Two models of apparatus have, been constructed. - 

Paraboloid T. M. Model ‘‘a^’ (fig. 8). — The diameter of 
the limit circle of the paraboloid is 60 cm. The equation of its 
generating curve is The apparatus is rather light. The 

maximum is closely localized. The range of the apparatus is the 
same as that of the naked ear. It might possibly give good 
results for listening to sounds coming from a source in a hori- 
zontal plane (trains, etc.). 

Paraboloid T. M. Model ‘‘ b (fig. 9). — ^The diameter of the 
paraboloid is twice that of the preceding. The equation of its 
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generating curve is y^—1^2x. Its amplifying ppwer is more than 
twice that of the naked ear. The apparatus is much heavier 
than the preceding. It has been constructed for the purpose of 




locating aircraft. It seems that it may give good results if 
used in connection with an acoustic goniometer of Type I, 
model “ 6.” It would serve then only for determining the eleva- 
tion of the aircraft. 
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II. APPARATUS FOR LISTENING WITHOUT 
DETERMINATION OF DIRECTION. 

(a) MICROPHONE CONDENSER FOR LISTENING FOR 
AERIAL SOUNDS. 

The microphone condenser is formed of a fixed armature S2 
and a movable armature Si (fig. 10) capable of vibrating under 
the influence of sound waves;' the movable armature is a thin 
leaf of aluminum pasted on a sheet of paper stretched on the 
back of a wooden frame Ci ; the stationary armature is formed 




of a metallic cloth stretched on a second frame C2. The two 
frames Ci and C2 are then screwed together so that the metallic 
surfaces are separated only by the thickness of the paper and, 
of course, also by a thin layer of air. The metallic screen is 
chosen of mesh fine enough to have the capacity of the con- 
denser formed of them rather considerable, and at tfie same 
time the mesh is open enough so that the vibrations of the sensi- 
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tive membrane are not deadened by the air imprisoned be- 
tween the narrowly separated surfaces Sx and S 2 . In order, 
so far as possible, to prevent variations in the tension of the 
sheet of paper under the influence of humidity, it is coated with 
special varnish on both sides before the aluminum is pasted 
on it. It can thus remain exposed for several hours in damp 
air with no loss of effectiveness. 

It will be understood that under the influence of sound, waves 
the paper membrane begins to vibrate, the aluminum moves 
more or less close to the screen, and the capacity of the con- 
denser changes. It is these variations of capacity of which use 
is made to make a veritable microphone of this special con- 
denser. 




By means of the condenser P just described and of an induc- 
tion coil A, a primary circuit is formed with sustained electric 
oscillations. A secondary circuit comprises an induction coil 
B coupled with A, and an adjustable condenser C which serves 
to put the secondary circuit in resonance with the primary 
(fig. .11). 

It will be seen below how the oscillations are maintained in 
the primary, but it is sufficient to admit the existence of these 
oscillations to understand how the condenser P thus formed can 
play the f 61e of microphone. The final result of the variations 
in capacity is to produce variations of amplitude in the second- 
ary. Let us suppose that a sound of frequency N acts on the 
condenser. As long as the amplitude of the sustained waves is 
constant, a telephone T mounted on any detector D of these 
waves gives no sound as its membrane keeps a stationary posi- 
tion, but whenever there is a variation of amplitude there win 
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be a movement of the membrane. If, then, there are N varia- 
tions per second, due to N variations of the condenser, which 
themselves are due to N sound vibrations, the telephone will 
show these N vibrations, and will reproduce the sound of fre- 
quency N which has affected the condenser. 

The sustained waves are produced by a heterodyne mounting. 
Their maintenance is produced by shunting on the induction 
coil of the oscillating circuit (fig. 12). Preference is given to 
the use of what are known as “ reenforced ” lamps which are dis- 
tinguished from ordinary lamps by their size. All the above- 
described parts except the accumulators are contained in a “ lis- 




tening box” which contains, on a switchboard, commutators, 
rheostat, measuring instruments (fig. 13). The connections are 
shown in Fig. 14. 

To listen for distant aerial sounds, such as noises of airplanes, 
it is merely necessary to add to the listening box, made up as has 
just been described, a suitable detector branched to the terminals 
Li and L 2 . A vacuum tube will be used (the ordinary Grammont 
lamp). For example, use will be made of a T. M. detector box 
for vacuum tube and crystal detector and the telephone current 
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will be amplified with a detector amplifier (No. 2 SIT, old or im- 
proved). 

Figure 15 represents the. general arrangement of the apparatus 
which are immediately adjusted. 

For listening for aircraft it is advisable to mount the micro- 
phone condenser on a resonating box for deep notes. Greater 
sensibility is obtained when the sensitive membrane is vertical. 




Fig. 12. — Shunting on the induction coil of the oscillating circuit. 

For each membrane there are certain privileged sounds, and 
for these notes the capacity is superior to that of the ear. 

Thus, if a tuning fork is placed several meters from the 
apparatus so that its sound is inaudible to the ear, it is still 
perceived by the apparatus placed at the same distance as the 
ear. 

But if there are some privileged notes, a great number of 
notes are reenforced, as may be shown by simple experiments. 
The reproduction of the timbre of a sound is particularly good. 
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The apparatus can easily be modified to transmit the sounds 
to a distance by wireless telephony. The sending post comprises 
the listening box, the microphone condenser mounted at P in 
the ordinary way. The aerial is branched to the terminals of 
the secondary as shown in figure 16 . 

A sensitive resistance microphone can be cut in on the cir- 
cuit of the aerial before it is grounded. 
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(b) OBSERVATION MICROPHONES. (PEROT MODEL.) 

These microphones comprise two solid hacks attached to a 
hoard 2 millimeters thick by 20 centimeters square. One of the 
solid backs is at the center of the board, the other on a di- 
agonal at a point equidistant from the center and from the near- 




PiG. 14. — ^Diagram of wiring of the listening box. Rear view. Front 
let down. 1. Milliamperemeter. 2. Body of the condenser. 3. Heat- 
ing rheostat. 4. Movable coil, 20 spires. 5. Secondary Induction 
coil. 6. Primary Induction coil. 7. Point of soldering, ninth spire. 

est corner. The two solid backs ai'e mounted in tension on the 
circuit of a battery and of a telephone. The microphones act 
by the vibrations of the. board under the influence of sound 
waves. Sounds made or words uttered in front of the micro- 
phone board are faithfully reproduced by the telephone. 

There are two types of these microphones : 

(1) The first type are^ intended for open-air listening. They 
may, for example, be scattered about in front of the trenches 
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at spots which are known to be often yisited by enemy patrols. 
Lookouts with the telephone at their ears will hear the patrols 
when they approach the microphones. Microphones may also 
be placed where it will be possible to hear enemy working 
parties in front of their advanced trenches. 

(2) The second type are intended for listening to conversa- 
tions in closed rooms and find their application in listening to 
prisoners. 




The type desired should always be carefully specified as each 
is ill-adapted to do the work of the other. 

MIXED MICROPHONE. 

The mixed microphone comprises 2 microphones mounted in 
series, one sensitive to subterranean noises (footsteps), the 
other to aerial noises (voices, weapons knocking, etc.). 

Use of the mixed microphone^ — ^This apparatus is used as 
an advanced lookout in front of the trenches. Its sensitiveness 
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to aerial sounds is no greater than that of the ear, but it makes 
it possible to hear subterranean sounds which escape the ear. 
If the distance between our trenches and those of the enemy is 
large, the apparatus becomes serviceable if placed at points 
where it is anticipated something may be heard, such as 
habitual points of passage of enemy patrols (generally these 




Fig. 16. — 1. Aerial. 2. Thermometer. 



points are known ) . It is then possible to open fire on the em- 
placement of the microphone at the precise moment of the 
passage of a patrol. 

Description of the mixed microphone. — It comprises a mine 
stethoscope S and a solid-back microphone M fixed at the center 
of a thin poplar board, in front of which is a metallic cloth. 
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The mixed microphone in operation should rest on a very 
flat surface of the natural ground, with the handle up and the 
metallic cloth T turned toward' the enemy, or, in tests, toward 
the person speaking. 

To use the apparatus’ it is merely necessary to connect the 
terminals B with the terminals of the listening box by means 
of a two-wire cable of small resistance. 

Listening box. — The listening box comprises 2 T. M, No. 0 
dry batteries and a telephone head set of small resistance. 

Barrage of mixed microphones. — A barrage of microphones 
spaced 12 or 15 meters apart may be made along a line which 
it is important to observe. - 




Note. — The observers should have practice enough' in listen- 
ing to be able to distinguish an unusual sound from the noise 
made on the microphone by wind or rain. 

Outgoing patrols must not touch the cable. A pull of a cer- 
tain strength on the cable may cause very loud noises in the 
microphones and these noises have no relation with those for 
which the observers are listening. 

THE LISTENER-ISOLATOR (OR E. I.) APPARATUS. 

(BLOCH TYPE A.) - 

The listener-isolator apparatus is intended for locating and 
listening to a certain sound isolated from extraneous sounds, 
and even from any sound from the same source which might 
Teach the observer by any means other than the listening Sys- 
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tern employed. It will therefore be useful in listening and anti- 
aircraft posts, in mine and submarine warfare, in telegraph and 
telephone construction, in medical auscultation, in investigating 
suspicious noises, and in all military or industrial applications 
in which an observer must isolate himself from all surrounding 
noises to hear only the one which interests him, the nature and 
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Fig. 18. — ^Listener-isolator apparatus. 

direction of which will be more clearly perceived by him in pro- 
portion as he hears no other sounds. 

The listeners are adjusted to the ears by means of pneumatic 
rubber pads, insuring close contact as well as the isolation of 
the hearing system. Plugs or small cushions also isolate the 
parts of the cranium which are sensitive to sounds. These parts 
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are principally beliind the ear, the forehead, and the top of the 
skull. 

Figure 1 is a front view of the operator wearing the apparatus, 
figure 2 is a profile view, and figure 3 shows the ear equipped 
with plugs between which it projects and on which it rests. 

The pads are fitted about the ear with plugs or small cushions 
1 and 2, which are applied in front toward the temples and in 
back behind the ear in contact with the hbad over a large surface 
in such a way as not only to insure close contact with the head 
but also to isolate as completely as possible the part of the 
cranium which is very sensitive to sounds. 

The whole apparatus is held by a set of straps 3 and 4, by a 
chin strap and accessory straps, which each operator adjusts 
to suit his own requirements. 

NOTE ON PROTECTION OF ACOUSTIC APPARATUS AND 
OBSERVERS AGAINST THE WIND. 

Experience has shown that the wind has considerable dis- 
turbing infiuence on observations made with acoustic apparatus, 
and it is very desirable to obviate this. ■ 

The wind aifects both the ears of the observer and the appa- 
ratus (receivers and tubes). 

(A) EFFECT OF THE WIND ON THE EARS. 

The continuous whistling of the wind in the ears of the ob- 
server interferes considerably with observation. 

This disturbing influence is practically obviated by the use 
of the E. I. isolating headgear described above. 

Experience has shown that this apparatus protects the ears 
effectively against the direct action of the wind and against the 
noise of the wind reaching the ears directly. 

(B) EFFECT OF THE WIND ON THE LISTENING 
APPARATUS. 

At the surface of the ground the wind has the effect of giving 
the molecules of air a horizontal movement. It therefore seemed 
probable that a vertical screen could intercept the action of the 
wind without appreciably diminishing the intensity of sound. 

Experience has shown that this expectation is justified. 

The apparatus will be surrounded on all sides with a loosely 
woven strip of tarletan like Cage. The tartetau Is very 
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cheap. It w^ll be stretched on wooden frames held by vertical 
stakes surrounding the apparatus. In order to have the appa- 
ratus entirely protected, the top of the protecting cage must ^ 
also be closed. _ 

The cages will be made of makeshift material under the orders , 
of the commander of the listening post. They must be capable 
of being set up or taken down very rapidly at the very- moment 
of taking the observation, as in good weather they are more of an 
obstruction than a help and in bad weather the tarletan would 
not last long if continuously exposed. 

APPENDIX. 

APPARATUS FOR TRANSMITTING SOUND SIGNALS. 

For sound signals the military telegraph has had two powerful 
instruments made, which are known as “Gaumont horns” (fig. 
17), based on a principle similar to that of the Klaxon automobile 
horns. 




Fig, 19. — Gaumont horns. 



These are very light instruments worked by simply pulling a 
string. Long and short signals can thus be produced by means 
of which messages can be sent in Morse code. 

There are two types of these instruments : 

1. The small model, very portable and very light. 

2. The large model, less portable but stronger (adopted by the 
administration of the chemical services of war). 
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